Searching PAJ 1/2 i> 

PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 08-097759 
(43)Date of publication of application : 12.04.1996 



r 7.7.7.7.7.: 7. ::: 7.7.7. :. :. v. 

(51)Int.CI. 


H04B 


7/10 




H01Q 


1/24 






H04B 


7/26 





(21 Application number : 06-23141 1 (71)Applicant : MITSUBISHI ELECTRIC CORP 

(22)Date of filing : 27.09.1 994 (72)Inventor : MIZUSAWA MOTOO 

MATSUMOTO WATARU 
YAGINUMA FUMIHIRO 



(54) ANTENNA SYSTEM FOR PORTABLE RADIO EQUIPMENT 

(57)Abstract: 

PURPOSE: To expect an operation with high reliability 
for a long period and to realize an antenna characteristic 
over a wide band with a small size without the need for a 
mechanical switch by providing a movable rod antenna in 
electrostatic coupling with a notch antenna in which the 
position of electrostatic coupling is changed depending 
on the movement of the radio equipment itself 
CONSTITUTION: When a rod antenna 1 is extracted and 
extended from a radio telephone set main body 7, the 
rod antenna 1 emits a radio wave without forming a so- 
called dead zone due to a shadow of a head of the user. ? 
In this state, the capacitive component and the inductive 
component of the notch antenna 2 are selected to be in \ 
parallel resonance with respect to the operating 
frequency. Then the static capacitance of an 
electrostatic coupling section 8 comprising ends of the 
rod antenna 1 and the notch antenna 2 and the inductive 
component of the rod antenna 1 form a constant K^type 
band pass filter with respect to the operating frequency. 
As a result, broad band signal processing is attained. 
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IS«l»3lc«a»S*LfcB3e«t«oy yf7y 
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7 

/yf7m«te^u £*>»«i&*i-a«fcB# 

6#s>#ttfc«? DTjBtti-S^TBttttolMRT fc 

T ^7~r&ft^WL*ffitt r fc fc i" 

SB^llBttoStflHWIMIWT^^JSB. 

*ffiBTl*«e*»*rfijftfc A / 2 

5 J: 5 flMt * ttfc w fc fc i" 5 MUX 1 1ES£<d8S^ 

[mux 4 ] mney y^r^^tsaianttT^^ 
»w» uwhbb l*: r. fc * w* fc i- a 1 e*g> 

lc*t tflf KEfi Lfc C fc *«KRfc -J-&Mt« 1 fd.m<D 

\zM LMRtWtTfcEB UcC fc *:4M*fc1- *Mt* 
[MUX 7] MBWfcEBSixfc/ v^t>^±<d 
UfttrnK LT v * S £ fc MM» fc i" 6B«* 6 ta«*>iS 

tmto#t¥n\cmwz tut; yf7yfto»»^ 

fc*«iELTV^5r fc«:1Hlfci-*«*a6E«fl!>!ll* 

[MUB9] IWEBBfcEBSJu*:/ yf-ryft^ 
M*fe^55> fc WEiMfcT yft^ d fc Sr# 

a fc i-*mux 8 Ett^*siift«ffir ^^-ssb. 
[siijfcjsi o] nnEWtEiifhfc/yfryft 

OififftciiSElftWT^^^SrEBL**^***:^ fc 

«:»Bfc 1-«B** 8 BttoBffttlimJBr £^-*-tt 
Bo 

[0 0 0 1 ] 

KHV'bfe«r:'?^KBfcH1-St>0?X>a. 
[0 0 0 2] 



(2) WW8-9 7 7 5 9 

^^-r^^r ^oj»j»fBB«fflr^^saBi Lttt> 

[0003] ^(Dtitb, Wfa<o>^s*f4 94 ^(OMBM 
BftfflryftStiUli, fi i^ugt log 

<*£#x.Sfc, #«BB»fcl±T:^^»^*fcB«B« 

[0004] l^sic mzr>'T'irm z Ft:&Mm&m 

*frrt(ciRjWUfc«ffi^i-5fc. ryrt^E^t 
t*«Hl 4fc*i-J:3lcjlM»«B«*^#U9l* 

uu-tt»pnB**fcs^»r^-#-fc. &if£fafS8Si* 

5rt»r^^fcd>b*«ufcr>^aSB^!t«*ii 
TV**. 

[0 0 0 5] El 1 4l4^I»^O^HRSr^7 i ^fcH^S;o 

«B«Jci3Jt6r^^»BSr^i"«*BI"CfcS 0 Hie 
50 l 0 0 ttftflFJBOBJMBtt*** lOlliU 

• JR#j^ItBlc:«fltS^rv^ Q 1 0 2te«»«B«## 
ioo idrtiS^tb^rtagT^^, UMfcr ^r-^ i o 

1 K:»LfiBU:efi3;h/CV>5 0 1 0 3 tt£«JS 1 0 4 
d^oJS«S:JMRT^-M 0 aW7yrtl 0 

[0 0 0 6] ^iai2^J: 9 lcM^iifc7yft8B 
©BflMcovvcBWJ-J-s. «B««fflB*BP*>IMRr^^ 
ti0l#fii*l:li, :©M7>rtioil:J:oT 

3Sr»«TV^^-i o l«icEHRL«tli-S 0 B 
o i<o*|», ftifiitta^vtr-^^^^lS 
0 3Srrt^TV7"-M 0 2fflflU:KRL-C&m 

[0 0 0 7] ±E«>J:5***fcr«wfcK:J:9. ft« 
50 mB«*<05R*"fS]iift^7 : '^ic*5V>rt>, mis^o* 
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^\zmt -&fa^mzm&istitLmviT>T^ 20 

2tt»l»«85«*fffcrt**ixfcaFT^-#-, 20 3 
te&ffi"C£>£ 0 2 0 4 liEM**— ://K 2 0 5liil5^^ 
IsIBk 2 0 6ttffl«l=i***, 2 0 7iiM7>'rt^ 

[0008] fticftft^o^TRW-r*. «H*t>^ 

2 0 1 tt^lc&KiHK (Z«*W *r*U SF7^f 
-**2 0 2\*&Z7kW-tel£ (YlA^rS)) £*Pf-*o — «tc 

[0 0.0 9] rott««r««L. #g^Wc_hfecoJ; 9 
^i-ST^x^SrEB^SCL&fcJ:!), «tt^-f^— 3/ 

J: 5 l:M7yrt*/^- 2 0 7 M^TfcSo Jfttt 
7yrt^;^2 0 7 £&&2 0 3ioiWoj&«»i % 

|sM44r-y/U2 0 4 i: Witts*** 2 0 6 t-CfT^H 
So TOcSF7^ft2 0 2 iM2 0 3K^f[) 
PM*4r-7Vu2 0 4 tRI(|3^^ 2 0 6 ir"CtTt>n 
Sp 

[0 0 10] 

[»E##*L<fc5i1-*«S] ««co«ff«UK«Kffir 
W0»*5»/JvW»*>f 1 0 3RtfC<D»/JvgO#;* 

no p «a»amtit e 

[0011] :©fc^^yfm:^iiSL 
fc*v*ff^5TI3««La>*<, *Mtt«IORL-C*>« 



(3) 4fBf}¥8- 9 7 7 5 9 

[0012] £<bic N 7yft*fiftiUtt, 
&o*: 0 *fc. »2©«*ttflfk:ov^rtt, MUhPT 

[0013] wO»MW:±EoJ:5*MaH*«r»?Bi-5 

fflT^x^a«r#SCt4rB«ti-<5o 200 
S*ft 5 *»«IBfc*Jfc-C* 6«tt*V a*-*'*— T 
[0014] 

[0 0 15] i^T^rt^, *:e0*r»«Sia<Oj3r 

^ffigr^m^'&^^S^tc x / 2 5lHllom*Jlfr*i- 

[0 0 16] / v i 7'T>> J 7-}'&»VtT>T-}-iZtt 

esnfc/ y^T>^<0«»»#fcSttfcEB*nfc 

T£>£ 0 fiifflcEBSftfc/y^Tv^ofift 

[0017] Sitic:i2B$ixity yf7yrt© 
J0 MU*0£ t»«7yrti Lrv^t^fe 
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[0 0 18J 

[0019] com*Tvy^feBf3eo{fl«d»e>»»i- 

[0020] »^r>x^^/4om«SSr^T 
»ttr yr y 7 ^ ^ y^S^i^Bt S t 

[0 0 2 1 ] / 7f7yrtlii«7yrtwl 

[0 0 2 2] *fc, sPtTUHaBSfbfc/ ^=f-T^r"T<0 

ixTEfi^f&K:**. SflticEBSJxfcy s^r 
B£it*:/ yf7yftwii*\ >r >*f— ^v^oss 

[0 0 2 3] ^i£lcg2B£ixfc/ yf7yft(7) 



(4) #&S^8- 9 7 7 5 9 

<5 

L»WS#Sli:Swilc*!K WS^JSWttB^IMfcT 

«rSltl:< v^Jtfcafeft. 
[0 0 24] 
[XHM] 

70 B€r^i-«fI5»»ffiBI-ca>9. EU-fcV^T, 7 

7rticiKtt$^6»»oAP5fi«^i3v^rj|Rttr^^ 
ilci£«u E.oj»^r>7 t ^-i<ott^tiE^i-$^ 
lcER3*uTi^a. 
20 [0 0 2 5] yyf*7yft2liSF7yft«f 

lttss^^-vengiji-sc^jct 9»jg 

<DX 5fc**S*vCi*a. tit, HMfcrvr-^i 

So 

[0 0 2 6] S«7yfti fc/yf7yft2i©|» 

Xim&ZftT^Zo 3liyyf7^ 
■^2lc:tt«$*t*:^>r^o^ h V y^^yfem 4 

«r«|»«B*l**l lw»UTttB©ttB^IMJfcLfc»* 
IcKffiB^tJMf^riBtw-r^r v7^fittHMk-C*>5 t Z 

[0 0 2 7] ftlCftfts|COV*TKW-*-a. &Sft[H]2&£ 

3$:iitry y^rvx^2tcaHtm^^^m$^^o 
H2ttBllO«fffiEIBia-Cfc*. »«7^ff l^tft 
Sli;i/4-;i/20ffiiartteR£SftTV*3o »«T 

>^-*- i ^^iiftmisffi*^ 7 #u 

50 &#C2k'(^jr??>xf£ftL2 kt>K 



-4- 



7 

[0 0 2 8] — i^T^x-j-i 

[0 0 2 9] **T^^l^*l»«B«*ff7rtlCtt 
1 ©-f * L a fc «fc S*lMRR*S*lt 

•T^o -fc £te/y^TV7^2oat^J#«aH£ 
2 £Stttta>tttt* g«fc*-£-J-S£ifcftSo /yf 

[0 0 3 0] VkHtTlsTIri ItdtMrnpiJ :^6fc:.fc ?> 
«WlcfeV^r#9!i4:fto-CV^O-e,-#^VSWR 

[0031] tSjfeiWMfcr^^SrSl^aLr^^* 
ico^W yf^^^o-c-^7yft«S^ 
Rfc3l*aiLTttfl!^5r ^7yrtl: 
HKT >^ g -*F3I # tti-frftv** 5 ft *«^*>5»* 

tub, /y^T^T-^tOSftfe^jlR. RtttffTV* 

[0 0 3 2] r CD J: 9 Id, ±|B«^tc«fctb^> tMBtt 

^-Mc««-J-6««Wft«»^W yfM<Wtife 



(5) W8- 9 7 7 5 9 

[0 0 3 3] / y^T>y-r*®Lm-fZ>Z.b\Z.& 

vmmfcmi&ks y*Tvy*fc*r ltMHR-wiMEu 

m&T >?i-&&mir* ^k\z£V 9 >trx& 

*OffifilC«'»-CtS^fe«*»fii^ft<. = *hfc 

;o t«Mw*tt, RTftr^^aaicjsDTiBaftto 

[0034] nmmz* msnm^mmm^n^m^ 
mmmwL(or^'i'mm.^'tn^mmxtb^, rat- 
*sv>-c, i-8*-cttjOKWi iB««tt»at«»» 

Ic V v *f-T lsr~r 2 £ <0»*fS*tt# 8 SrSllc, 4£j®H 

20 (rtSE») ©7 yftft i/4i:4SJ:n 
ft«LR*S*i/CV*a. 

[0 0 3 5] rt«E»<or^^^fttta«»ici± 

5KfeCX«***>9* *«5 illttT^^l fc^tT 
"eftV>SJ^^^L^r)-t-^i;, &i"Lt>;i/ / 4&ttft 
fcftVVDt\ «*R|H-Oi^*£%JBLTttftWfcX/ 
4i:ft6J:5«J:T^-*-**:l9:*i-*b«J:v\ -Rfctt 
0, 3^{(tO««*«r*"i-S*$«cKH-$*b 

[0 0 3 6] ft^ftff^oV^TRMi-*. &*ttftibf£ 

1 £ w«^»dc»»^Bf^tt jas« it mm 

"CfcSo H4ttH3«>«HBiaiS-C*>*. aMfcr^-j-i 
«!4«ftttU:^/40««*Sr*Lrd39, wOjFS^O 
»l:J:9/yf7>'ft2i*M:'C2*Si4^ ffi 
[0 0 3 7] ||*7yfti#«ltBl##7W:ft 

*<d1z£>^ iic/ 7^f f 2©WJ*fi^«fflJI* 
»3?tCioV>T##l£ft9, / y^T^^2-i««jfiott 
«R^Sfttc*^-r^-i:i-ft^o :©J:5i:, -fcE« 

*47yftttttt#5: t * Sr c# 5 J: 5 left 5o 

[0 0 3 8] H % SH6«10»frt>ra«'C*>S**. 
yft^u^ h^H^r^^^t-SiSI-ft^J: 
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[0 0 3 9] H1&0J3. H5tt&Oj|lS«lw*3«t5aW 
««l»»©T>y^»B«rvi-»»BrffiH-T?fc9, Bfc 

*v*t, i-8*-ew:xii6«i tra*Kw:*ai-s«» 

[0 0 4 0] /y^r>^2#JMKT:^-*-i 

20^0 y h#i«7yftil:Wi:ft5J: 5&fi£ 
*L"C^S. -tL-C, iMttBK4tt/y*-r;'7''*-2 0> 

7+2 tm-xi&±\zmwtt*vm&ztix^z. 

[0041] neittf&WntlizmaztiitT*? 
■mkb*>im*t i £«amss«i*# 7 ^ b 5i # aj 

L#**ii:fc«tt»-CO (a) ^t'-yv^teRtf 
(b) VSWR^oHS-r-^Sr^'t-ig-CfcSo zco 

**7rtlClR*Lfctt«i-C«> (a) 

RtT (b) VSWR^ttoacR^-^Sr^-fia-CJfoS. 

[0 0 4 2] B8tt«lR7yftlil|i»Oj| 
7T >-T±ZmVt7>T+\ztt\^XWfr. WhSvfT 

■i-st* »*T^-*-o*v^Ep B , j-c»mje'fri-6. ceo 

[0 04 3] fc«U ^«BW«£«ttLft:»4\ / 
■Ctt*TOi (X-Y¥B) rt<oxtt<z>±H^fp)ic*3PiB 
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&xftj§6ic4r»-c*> So 

[0 0 4 4] ?|j&S#j4. HI 0ttflHOjt«ffiUw*5«tS« 
Wffl»*«OT>^^»BO«*«r*i-tt»KBH-C*> 
9., Bt-fcV^ 4ttB^JSlHltt, 5f4-«C<DS^T, 

1 I^LtrfT («o"rifi±anlc»L"CttSiff) ft 

;o ;^f7yft, 2i^iE (IrMcV) ft;yf7yf 

■*\ 3 Ott^tTft/ yf7yft2 O0&fHi&* 3 11* 

[0 0 4 5] y^-T^-MiEVMilBSS-J-SH 
flHcfcJK loII4 / 7>rt 2 l 

[0 0 4 6] M4y >y+T>r-+2 1 

tTfty yfryft2 oo&MfcSBicssi**^ 
^<0S5v^^2:SgiaUTiaB$tbTV^5O"C, ^iEfty 
v+Tl^y-+2 1 omgft^^tTft/ y t 3-Tlsy~}-2 0^ 
SKAi-*w fctrtt?* 2o^ryrt^S^ / >4 
<ft£„ J:|B««;JcJ:*btf, 20(0/^7^7 

t2o, 2 i fisfi5±fi?/^-^-eia-es> * 

&^KH«lH]BfcR— StRJ:ic:»rt'e*«>o-e. ***** 
fi5<s £ffi<0fc©£ft* 0 ^LX, dco<t 5 KB)— SS 

left*. 

[0 0 4 7] XikM 5 . 12! 1 l tttew jllfi«^*3»t5« 

^iEft/ v+T*¥+ 2 1 <OHtt«f5'«r^tTfty 5>^7> 

[0 0 4 8] ±IB^««i:bfc»frOBf^tJllS«4«> 
»*kB*-e*)5^ roi5/jrM^«i, ¥t?ft 
J y+T^V-f- 2 0<D'&mU3 0 til*/ 7^777 
t2 10ftt»3 1i^ #[Ci«aF*fSj«c:5fi<, 
««»*«»SF*0«»«rS«tftv^J: 5K«-*-6wfc*«* 
Sic-ct, L^tr^^^SSBoKv^BI-aH&sn* 

^oie^B^ftv^J:5R«-r*-4 3a s «S*-tT^5. tt 
or, ^i^r^-c^ofc^i:, SIJft«4O«}^<0t> 
50 (OlCifcU 7>7-rw&<oi&T&'Pte< x$z> 0 
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[o o 4 9] mt&we. mi 2ttttL<omi&w\ztertz>m 
±2 i £i:5:i-s<fc 5»«s***tebl-cv*s. * 

[0 0 5 0] fcfctbflMco^-CRWi-*. ¥ff4/yf 

JEU §I4y yf7yft2 If*/ y^-i LT®J51- 
[0 0 5 1 ] Mfty yf7^ft2 1 £i6MfcT>'7^ 

[0052] HtfiM7. Hi 3tt«KDSHSWC*5«t5i» 
ttW-»*fcf*LT*©RH*«»M"5. **«6«lw*3 

u ^ttr^^-efe^is^r^^-i SrWffty 

owccoWTfty ^fryft2 0 iWT 

[0 0 5 3] KfclfcflMJlo^TlttH-J-*. Ell 3ftt(MR 
7yrtUM$t^i^Lt^5> ilft^T^T- 

ricSfi/O**. *LT, £t>£5ftflHt£ Lfc«-&lcfc 
[0 0 54] 

r 1 1 / y f 7 >f t i ^^^1^7 h U & 
fc, »tt7 yf t i y y f-7 1 2: <oP*^Stti < 



(7) ^§1^8-9 7 7 5 9 

[0 0 5 5] IMfcT^^imilftOT^^fc 
/ 5/ k G>SfiJS#G>*R, Rth&sffy 

-et, SfclciiKWREllSSry yf7yftk i#£fi 
[0 0 5 6] *fc. l»«T^r-^Sr^r»J6Hwtt*«>(i(t 

irl-ft* J: 5«*UfcO-C, 
20 J: J: 0 ✓ yf7yfti*WT2*« 

[0 0 5 7] / y^T^+mttr^-McJ* 

coft v «R«|jS fc ft 9 , ft 4 #«©/J«{bfcfiR#**fc * 

ssB£«**aKb-r a :t*</^7 >-T~r<D&mz 

50 [0 0 5 8] / y^yft^^yfti:^ 

bix-So / yf7yft^7yftl:MLI 

iERtWfTJdiaBLfco-e, /yf7yfti«fi»^ 
^-i/f-tltISU 7yrttti^f6]lt5 9 
X> 2oo; 7>ftttaS±^-^^« 

9lcft6cOT, fftft*sX<. 

^0 m-m&±izmf$.-rz>zk\z£v* »K«roR»«r 

[0 0 5 9] a^r^^^ic^u^tfJciEB^^ 

icgag^n^/ ^7>rt^W»i«t5J; 

Wafts yf7yft^iHs^Iil 

^ @ $r § ( t ft v ^ J: 0 18 « «rR tf ^> C k & 

50 ^(cumrt, U^fc«S»**»»««>i«v^tfl:B'l-* 
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[0060] nwfcT^^^wusitt^iaja^ix 

[0 0 6 1] »«T>^^lc*fUMiE^iaB$ti 
&#T>^l£#LWrlcgaB£*L 

[i2ii] cco^^^jg^iji t^^tt^Mismis5ia^T^ 

7^SB**r«#WrEI9"CS>*. 
ID8 2] Hl©«flilsIB«r*i-B-efc5. 
[19 3] do»^on»«|2^*5tt5«ilftmiS«ffir^ 

[[94] Bl3co^<ffi[E]8S$:^-ri2l-Cfc6o 

[(SI 5 ] CO»MOj|Jfi«»J3lc*5ltS«||8fBBS«fflTV 
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[B6] ro|Bn«>lllK«l3l^lt««ll«KflMTV 

[07] ^o«n«)ltlkM3lcd3it&«ll«B«IA7> 

[19 8] ^<03BMo*JS«3lc*3«t6*li»lBB*fflr^ 

[19 9] w05BM<z>iafi«3lc*5it5ig»«B«fflrv 
x^Bor^^-iRtt^ci^it^l^KfflT^x^fll^ 
I9"C^5o 

[bio] z<o&w<Dmmm4\£tetfz&Mn&mmT 

[I9ll] C^JBM0Safi«5^*3«t<5«ll»«IS«fflT 

1(912] r.OS8WO*»«6lc*ilt6iB|««e«fflr 
^KfiSr^i-«fi8ig-Cfe^o 
13] ^W3BMOHlfi«7lC*3ltS«l»«e«fflr 

[19 1 4 ] tt*oai|»«B«fflT>^^»B«:«iill* 
{9T&5 0 

[19 15] K*^«lj»mB«^rv^^$gB^^1-fl}fiS 

(9-e&5 0 
[##<o&93] 

1 SMfcT^^ 2 /yf7>ft, 3 

4 s^&iEite. 5&«, 6 yv^ 8 

2 0 Wt*/ y*-T >rt, 2 1 Mft/yf 
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Adaptive Signal Processing by Array Antenna 
{array antenna ni yoru tekio shingo shori) 
KAGAKU GIJUTSU SHUPPAN 



Partial English Translation of 
"Chapter 3: MMSE Adaptive Array" in 
"Adaptive Signal Processing by Array Antenna 
{array antenna ni yoru tekio shingo shori)" 
by Nobuyoshi KIKUMA 

(omitted) 

3.1 Basic Principle and Configuration 

An adaptive array based on minimum mean square error (MMSE) 
has developed from an adaptive filter reported by Widrow in the 1960s [l]. 
Widrow and others applied the concept to the adaptive array, and 
established a least mean square error algorithm (LMS algorithm), which 
has been developed by Compton and others [2] [3], and is actively studied 
also in present days. Since the LMS adaptive array adopting the LMS 
algorithm is a representative of the MMSE adaptive array, many people 
refer to the MMSE adaptive array as the "LMS adaptive array." 

The MMSE adaptive array is a system for determining an optimal 
weight by minimizing a difference (an error signal) between a reference 
signal, which is a desired array response, and an actual array output signal. 
This scheme has an advantage that adaptive beam forming is performed 
simultaneously with adaptive null steering, and hence, no restriction is 
imposed on element arrangement and system configuration. On the other 
hand, strictly speaking, the scheme requires the desired signal itself as the 
reference signal. Actually, as there is a background knowledge with 
regard to a nature of the desired signal (such as a frequency bandwidth, a 
modulation scheme, or the like), an appropriate reference signal can be 
obtained by properly processing the array output signal as described later. 
Therefore, a concept to produce the reference signal on a receiving side, 
which is a replica of the desired signal, has become realistic. For the sake 
of convenience, a property can be analyzed, assuming that an adaptive 
processor knows the nature of a perfect, desired signal. 

An error signal e(t) to be minimized, that is, the difference between 
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a desired array response (reference signal) r(t) and an array output signal 
y(t), is given in the following equation. 

e(t) = r (t) - y(t) = r(t) - W H X(t) (3.l) 

Therefore, an expected value, that is, a square of the error signal (mean 
square error) is expressed in the following manner. 

E [H')| 2 ]= e [|K0 - XOf ]= E\\r(0 - W H *(/)| 2 ] 

= £[|r(0| 2 ] - W 7 r xr - W H r xr + W H RJV (3.2) 

Here, rxr represents a correlation vector of the reference signal with an 
input vector, which is defined in the following equation. 

r xr ±E[x(t)r\t)] (3.3) 

= [E [x,(ty\t) I E[x 2 (t)r\t) I E [x K (t)r\t)]] T (3.4) 

What is aimed is to minimize the mean square error of the equation (3.2) by 
properly selecting a weight vector W. The equation (3.2) is a quadratic 
function of weight vector W. As correlation matrix R xx is positive definite, 
an extremum will be the only one minimum value (see Fig. 3.1). Therefore, 
a value for weight vector W minimizing the mean square error (an optimal 
weight) can be obtained by setting the gradient with regard to the weight 
vector in the equation (3.2) to 0, which is shown in an equation below. 

V^[|e(0| 2 ]=0 (3.5) 

VwE[ I e(t) I 2 ] in the equation above is the gradient with regard to the 
weight vector of the mean square error. When a differential operation 
using a vector is employed, the following equation is obtained. 

V»,£[|e(0f ]= -2r- +2RJV (3.6) 

Therefore, an optimal weight W op t can be given in the following equation. 
W opt -Kr xd (3.7) 

This is called a "Wiener solution". As described in Chapter 2, correlation 
matrix R xx is a positive definite matrix, that is, regular. Therefore, 
correlation matrix R xx has an inverse matrix. When the equation (3.7) is 
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substituted into the equation (3.2), the mean square error in attaining the 
optimum is obtained in the equation as shown below. 

-W? pl r„+W» t R„-W opt (3.8) 
= E[\r(t)\ 2 ]-rZR~2r„ (3.9) 

(omitted) 

3.2 Method for Optimization 
3.2.1 Digital Control 

Algorithms for optimization by digital control include the LMS 
algorithm based on a steepest descent method, a direct method using a 
sample value (sample matrix inversion* SMI), a recursive least-squares 
method (RLS algorithm) [4], and the like. The steepest descent method is 
most common, and is characterized, for example, by reliably reaching a 
minimum of an evaluation function, as well as having small calculation 
load. On the other hand, the steepest descent method has a disadvantage 
that convergence is extremely delayed if angles of arrival of incident waves 
are close and each wave has a large power ratio [5]. This is called a 
problem of distribution of an eigenvalue of the correlation matrix (a 
problem that the eigenvalue widely spreads) [4]. One of the methods to 
overcome this problem is the SMI method. The SMI method has been 
avoided due to its large calculation load, however, it has been attracting 
attention with the development of computers in recent days. In addition, 
another algorithm for overcoming the problem of distribution of the 
eigenvalue similar to the SMI method is the RLS algorithm. This is 
considered as one type of a Kalman filter [6], and can be interpreted as an 
algorithm combining the steepest descent method and the SMI. In the 
following, each algorithm will be described, 
(a) Steepest Descent Method (LMS Algorithm) 

The algorithm for optimization based on the steepest descent 
method is represented in the following manner. 
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W(m + \) = W(m)-^-V Hr E[\e(mf] (3.2 1) 

2 

Here, |i represents a step size for adjusting a ratio for updating the weight. 
From the equation (3.6), VwE[ I e(m) I 2 ] is represented in the following 
manner. 

V^[| e (m)| 2 ]= -2r xd + IRJTim) 

= -2E [x(m)r\m) ]+ 2E[x(m)X H (m) ]jV(m) 
= -2E [ X(m){r\m) - X" (m) W(m) }] 
= -2E[x(m){r' (m)-y'(m)}] 

= -2E[x(m)e{m)\ (3.22) 

When this is substituted into the equation (3.21), an equation shown below 
is obtained. 

W(m + \) = W(m) + juE[x(m)e'(m)] (3.23) 

Assume that, in the equation above, the weight is updated with one sample 
except for the ensemble average operation. Then, an equation below is 
obtained. 

W(m + \) = W{m) + iiX(m)e\m) (3.24) 
In addition, assume that, instead of the ensemble average, a finite number 
(J) of sampling values are averaged. Then, the equation (3.23) is 
represented in the following manner. 

(3.25) 



W(m + 1) = W(m) + ju 



1 £ 

J 1=1 



In this case, for one weight updating, J (l block) sampling values of the 
error signals and the input vectors are required. Here, Xi(m) and ei(m) 
represent an ith sample in a sample block obtained after updating the 
weight m times. 

A value for step size |i should satisfy a condition below, from a 
convergence condition [l] [6]. 
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0< M < — (3.26) 

Anax 

Here, U ax is a maximum eigenvalue of correlation matrix R xx (see Appendix 
B). 

(omitted) 

(c) RLS Algorithm 

The RLS algorithm (Baird's algorithm [4]) is similar to the SMI 
method in estimating correlation matrix using a sample value of the input. 
On the other hand, it is also similar to the steepest descent method in 
successively updating the weight. 

The RLS algorithm directly minimizes a root sum of an 
exponentially weighted error as shown in the following equation, using all 
input samples up to the present time point. 

e(™) = f> m >(/)| 2 (3.34) 

e(i) = r(j) - y(i) = r(i) - W H X(i) (3.35) 
Here, a is a weighting constant, which is larger than 0 and not larger than 
1 (0<oc<l). Assuming that the gradient vector with regard to W in this 
equation (3.34) is set 0, the least square solution is obtained as shown in 
the following equation. 

W(m) = (m)r xr (m) (3.36) 



*«(™) = ^ j a m ' i X(i)X H {i) (3.37) 
i=i 

r„im) = f i a m - , X(0r\i) (3.38) 

i'=l 

This manner is the same as the direct method with the SMI described above. 
The Baird's algorithm (what is called the "RLS algorithm") does not use the 
direct method, but uses a successive method to obtain the weight in the 
following manner. First, when x( m X R(m) and Am are assumed as below, 

Zim) A [Jr(l),Jf(2),-.-,Jf(jfi)] (3.39) 
R(m) a [KlXr(2),...,r(m)] r (3.40) 
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A{m) A diag{a m -\a m -\- ,a,\} 



a 



a 



0 

m-2 



0 0 
0 0 



(3.41) 



0 0 ••• a 0 
0 0 ••• 0 1 
the equation (3.36) is represented as below. 

W(m) = [z(m)A m X H {m)Yxim)A m R\m) 



(3.42) 



Therefore, in the next step m+1, the weight is obtained as shown in the 
following equation- 

W(m + 1) = [ Z(m + \)A m+] Z H (m + \)] ' 

x Z (m + l)A m+l R\m + \) (3.43) 
Here, if a relational expression as below is used, 

Z(m + \) = [Z(m) X(m + l)] 



R(m + \) 



(3.44) 
(3.45) 
(3.46) 



~aA m 0" 


Z " (™) 


0 1 


X" (m + 1) 



~aA m 0" 

171 

0 1 
R(m) " 
r(m + \)_ 

a recurrence formula shown below is obtained. 
Z(m + \)A m+i z H (w + l) 

= [ Z (m)X(m + \)] 

= aZ (m) A m Z' i (rn) + X(m + 1) X" (m + 1) (3.47) 

Z (m + 1) A m+l R\m + \) 
= [Z (m)X(m + \)\ 

|_ 0 1 J |_r (m + 1) 
= a Z (m) A m R\m) + X(m + \)r' (m + 1) (3.48) 
When this is substituted into the equation (3.43), and organized with a 
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matrix formula (3.32), relations in the following are obtained (derivation is 
to be attempted as an exercise)- [4] [8]. 

W(m + 1) = W(m) + y R^ (m) X (m + 1) e (m + 1) (3.49) 

R^im) = z (m) A m X H (m) (3.50) 
e( m + \) = r(m + \)-W H (m)X(m + \) (3.5l) 

7 = j} (3.52) 

' a + X H (m + \)R^ (m)X(m + 1) 

This is the RLS algorithm. Correlation matrix R xx (m) in this case is 
obtained by time-average of exponential weighting, which can be 
represented also with the recurrence formula below. 

„ (3.53) 
R„(m) = aR xx {m-X) + X(m)X" (m) (m = 1, 2, 3, ... ) 

Here, 5 is a positive constant. Therefore, when the inverse matrix formula 
(3.32) is applied to the equation (3.53), R X x _1 (m) is obtained as in the 
following equation. 

'tf-'(o) = <r7 (/« = o) 

#«("») = -/£(m-l) 
I a 

_ R-J(m-l)X (m) X H (m)R-J(m-\) (3 ^ 

a 2 + a X H (m) ( m - 1) X(m) 
(m = 1,2,3,...) 

As can be seen from the equation (3.49), the correlation matrix requires 
only the inverse matrix thereof. Therefore, in the normal RLS algorithm, 
R X x _1 (m) is updated in accordance with the equation above. 

It is to be noted that an algorithm for optimization using the 
Kalman filter has also been studied. See references [9] [10] for details. 

(omitted) 

September 20, 1998 
Nobuyoshi KIKUMA 
K.K. KAGAKU GIJUTSU SHUPPAN 
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